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Homology of Drosophila Yolk Proteins and the 
Triacylglycerol Lipase Family 
Drosophila yolk proteins consist of a set of related proteins of 50,000 M,. They are derived 
from slightly larger precursors by cleavage of a signal peptide. In this respect, they differ 
from the yolk proteins of other insects which are proteolytic fragments of precursors of 
200,000 M, or larger, termed vitellogenins and probably homologous to the vitellogenins of 
other egg-laying species. We report here a comparative amino acid analysis demonstrating 
that the Drosophila yolk proteins are non-homologous to the vitellogenin group of yolk 
proteins, but surprisingly are related to the triacylglycerol lipase family. 
Drosophila melanogaster synthesizes three major 
yolk proteins, Ypl, Yp2 and Yp3, of approximately 
50,000 M,, each encoded by a single copy gene. The 
genes are linked on the X-chromosome and 
expressed in the fat body and ovarian follicle cells 
(for a review, see Bownes, 1986). The three genes 
have approximately 60 y0 nucleotide sequence 
similarity (Hung & Wensink, 1983; Yan et al., 1987) 
and must have resulted from recent gene dupli- 
cations. The Drosophila yolk proteins are 
synthesized as slightly larger precursor 
polypeptides that undergo no proteolytic processing 
other than cleavage of a signal peptide (Warren et 
al., 1979). They represent a distinct group of yolk 
proteins that occur only in higher Diptera (Harnish 
& White, 1982; Kunkel & Nordin, 1985) and are 
clearly different from another group, found in a 
broad variety of insects, containing differently sized 
yolk protein subunits formed by proteolytic frag- 
mentation of large precursor proteins. The latter 
proteins are generally termed vitellogenins and 
appear to be homologous to the vitellogenins of 
other species. Homology to birds and amphibia has 
been demonstrated by heterologous hybridization 
between genomic DNA and cDNA from locust, 
chicken and Xenopus laevis (James et al., 1982). 
Recently, comparative amino acid analysis has 
demonstrated that the vitellogenins of species as 
distantly related as vertebrates and nematodes 
(Spieth et al., 1985; Nardelli et al., 1987) are derived 
from a common ancestor. Whether the Drosophila 
yolk proteins (Hung & Wensink, 1983; Yan et al., 
1987) have any relationship to the vitellogenin 
family other than a functional one, should also 
become apparent from sequence comparisons. 
1986), human lecithin-cholesterol acetyltransferase 
(McLean et al., 1986) and rat lingual lipase 
(Docherty et al., 1985) are products of one gene 
family (Komaromy & Schotz, 1987). Figure 1 shows 
the amino acid alignment of homologous segments 
of the Drosophila yolk protein sequences and two 
members of the lipase family, porcine pancreatic 
triacylglycerol lipase and rat hepatic lipase. Amino 
acids being identical between both groups are 
boxed. The similarity extends over a sequence of 
141 residues and amounts to more than 30 yc 
positional identity between each member of the 
yolk proteins and pancreatic lipase and more than 
28% with hepatic lipase. 
During this analysis, we discovered a remarkable 
homology between the Drosophila yolk proteins and 
another group of proteins, the triglyceride lipases. 
In a search through the PIR data base (release 12, 
National Biomedical Research Foundation, 
Washington D.C., 1987), an unexpected similarity 
with porcine triacylglycerol lipase (De Caro et al., 
198 1) emerged. This pancreatic enzyme, together 
with rat hepatic lipase (Komaromy & Schotz, 1987), 
bovine milk lipoprotein lipase (Ben-Avram et al., 
In the lipases, the region of homology includes at 
least one residue to which a specific function has 
been ascribed. It concerns serine at position 152 of 
porcine pancreatic lipase, which is thought to 
convey a crucial structural feature involved in 
binding the enzyme to the substrate interface 
rather than in catalysis (Guidoni et al., 1981). 
Several authors (Docherty et al., 1980; McLean et al., 
1986; Komaromy & Schotz, 1987) have noticed that 
the sequence of the presumed lipid binding region of 
pancreatic lipase (residues 145 to 154) is similar to 
sequences in the other known lipases and invariably 
contains the serine residue. They propose that this 
region, which is generally hydrophobic, might fulfil 
a function in interfacial lipid binding in the other 
lipases as well. It is not clear whether the homology 
region contains the catalytic site of the lipases. 
A sequence has been proposed for the active site 
of bovine lipoprotein lipase (Reddy et al., 1986), but 
it does not show significant similarity to sequences 
of the other lipases (Komaromy & Schotz, 1987). 
With regard to the possible function of the 
homology region in Drosophila, we think it unlikely 
that it would serve lipolytic activity, since no 
enzyme activities have to our knowledge been 
attributed to these proteins. As another possibility, 
the homology region could constitute a lipid 
binding domain serving the yolk protein’s function 
as a lipid carrier to the oocyte. It is noteworthy 
that the similarity of the yolk protein sequences to 
the lipases is particularly high around the presumed 
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Figure 1. Sequence comparison of the yolk proteins Ypl, Yp2 and Yp3 from Drosophila meZmwguster and 2 members 
of the triglyceride lipase family. The sequences of the yolk proteins (Ypl, Yp2 and Yp3) were taken from Hung & 
Wensink (1983) and Yan et al. (1987) and number from the translation start. The sequences of porcine pancreatic lipase 
(pPL) and rat hepatic lipase (rHL) were taken from De Caro et al. (1981) and Komaromy & Schotz (1987), respectively, 
and number from the first amino acid of the mature protein. Alignments were obtained by pairwise comparison with the 
program ALIGN (Dayhoff et al., 1983) using the Mutation Data Matrix (Dayhoff et aE., 1979) and further combined 
manually. Inter-group identities between the yolk proteins and the lipases are boxed. Only the homology region of the 
proteins is shown. 
lipid binding region. However, the serine essential 
for lipid.binding, present in lipases, is not conserved 
in the yolk proteins. 
It has been suggested that the yolk proteins of 
the higher Dip&a, including Drosophila, may be 
derived from the 3’-terminal domain of a larger, 
archetypal vitellogenin gene (Harnish & White, 
1982). To verify this hypothesis, we have searched 
for similarities in amino acid sequences between the 
Drosophila yolk proteins and the larger 
vitellogenins sequenced to date (see Nardelli et al., 
1987). No similarities were found with the 
vitellogenin C-terminal moieties that could support 
the hypothesis of Harnish & White (1982), nor with 
other sections of the vitellogenin sequence. 
Moreover, no resemblance of any part of the 
vitellogenin sequences to the lipase sequences was 
found. This analysis strengthens the original view 
deduced from yolk protein differences in physical 
characteristics (Harnish & White, 1982) and amino 
acid composition (Kunkel & Nordin, 1985), that the 
yolk proteins of higher Diptera are a separate 
group. 
The interesting issue remains that the higher 
Diptera may have lost the ubiquitous vitellogenin 
gene and have adapted a different gene to serve 
their needs for a yolk storage protein. 
We thank Jaap Beintema and Marion Byrne for helpful 
discussions. These studies were carried out under the 
auspices of the Netherlands Foundation for Chemical 
Research (S.O.N.) with financial aid from the 
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Note added in proof. After our manuscript was submitted, a paper by Coulson et al. (Co&on, A. F. W., 
Collins, J. F. & Lyall, A. (1987). Comput. J. 30, 420424) describing similarities between Drosophila 
YP3 and pig digestive lipsse came to our attention. Our data confirm their finding. 
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